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Abstract.—Scavenging of carcasses may bias estimates of mortality following the use of pes-
ticides. To assess carcass survival, we monitored bird carcasses in crop stubble, grassland,
roadside, and wooded habitats in east-central South Dakota in early spring. Survival rates
differed among habitat types in 1997 but not in 1998. Survival rates did not differ among
species of carcass in 1997 or 1998. Within 5 d, 66% of carcasses had been scavenged in both
1997 and 1998. To assess potential hazards of secondary poisoning, we used infrared-trig-
gered camera systems to identify predators and scavengers of live birds and bird carcasses.
Mammals (n 5 164), particularly striped skunks (Mephitis mephitis) (n 5 105), were the most
commonly photographed predators and scavengers. The number of avian predators and
scavengers photographed (n 5 39) was relatively low. Because scavenger activity can be high,
we recommend that searches for carcasses should be conducted within 24 h of pesticide
application to ensure accurate estimates of mortality.
‘‘SUPERVIVENCIA’’ DE CADA´VERES DE AVES Y EVIDENCIA FOTOGRA´FICA DE
DEPREDADORES Y CARRON˜EROS
Sinopsis.—El carron˜eo de cada´veres puede viciar los estimados de mortalidad causados por
pesticidas. Para evaluar la ‘‘sobrevivencia’’ de cada´veres, monitoriamos los cada´veres de aves
en remanentes de siembras, yerbasales, servidumbre de pasos de carreteras y habitat con
a´rboles durante la primavera. El estudı´o se llevo´ a cabo en la parte este Central de Dakota
del sur. La tasa de sobrevivencia resulto´ diferente entre los diferentes tipos de habitat estu-
diado en 1997, pero no ası´ en 1998. No hubo diferencia en las tasas de ‘‘sobrevivencia’’ de
los cada´veres de las diferentes especies en 1997 y 1998. En ambos an˜os el 66% de los cada´-
veres fueron eliminados por los carron˜eros en un perı´odo aproximado de cinco dı´as. Para
determinar los peligros potenciales de venenos secundarios utilizamos un sistema de ca´mara
disparados por las emanaciones infrarojas de los organismos, para poder identificar los de-
predadores y carron˜eros de aves vivas y cada´veres, respectivamente. Mamı´feros (n 5 164),
particularmente Mephitis mephitis (n 5 105) fueron los depredadores y carron˜eros ma´s co-
mu´nmente fotografiados. El nu´mero de aves depredadoras y carron˜eras fotografiados resulto´
ser sumamente bajo (n 5 39). Dado el caso de que la actividad de los carron˜eros puede ser
sumamente alta recomendamos a los investigadores conducir una busqueda de cada´veres
dentro de las 24 horas de la aplicacio´n de pesticida. Esto asegurara´ en gran medida estimados
precisos.
1 Current address: Department of Range, Wildlife, and Fisheries Management, Texas Tech Uni-
versity, Lubbock, Texas 79409-2125 USA.
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Potential negative impacts associated with pesticide use are a major
concern to wildlife resource managers (Balcomb 1986; Tobin and Dol-
beer 1990; Linz et al. 1991, 1998; Tome et al. 1991). Reliable estimates
of target and nontarget mortality are needed to assess efficacy and risk,
respectively. However, scavenging may bias mortality estimates (Humberg
et al. 1983; Balcomb 1986; Stutzenbaker et al. 1986; Tobin and Dolbeer
1990; Linz et al. 1991, 1998; Pain 1991). Knowledge of scavenging rates
is therefore needed to ensure accurate estimates of pesticide-related mor-
tality. Identification of predators and scavengers that feed on poisoned
prey is needed to fully evaluate risks of secondary poisoning.
In the northern Great Plains, blackbirds (Icteridae) feed on ripening
sunflower and cost producers millions of dollars (Linz and Hanzel 1997).
Currently, the avicide DRC-1339 (3-chloro-p-toluidine HCl) (United States
Department of Agriculture 1994) is used experimentally to bait blackbirds
during spring migration in South Dakota (Barras 1996). Comprehensive
study of carcass survival and potential secondary hazards involved with
the use of DRC-1339 in the northern Great Plains is needed. Our objec-
tives were 1) to determine carcass survival rates among habitat types and
species of bird carcass and 2) to identify potential predators and scaven-
gers, particularly raptors, of poisoned birds.
METHODS
In March and April, 1997 and 1998, we investigated survival rates of
bird carcasses and risks of secondary poisoning at two sites, Arlington
(448219N, 978089W) and Ramona (44879N, 978129W), in east-central South
Dakota where DRC-1339 is being used to bait blackbirds in the spring
(Barras 1996). These sites were chosen due to the presence of large (.
50,000 birds) blackbird roosts. Detailed descriptions of these sites are
provided in Barras (1996).
To assess survival, carcasses were placed along a total of 46 transects in
spring 1997 and 1998. Transects were placed in wooded, crop (bean or
corn) stubble, roadside, and grassland habitats. Typically, there were 10
carcasses per transect. The first carcass along a transect was placed a ran-
domly selected distance (0–10 m) into the habitat. Crop stubble and grass-
land habitat patches ranged in size from approximately 0.13–0.38 hect-
ares. Wooded and roadside habitat patches were at least 0.1 hectares in
size. Remaining carcasses were systematically placed at 10-m intervals
along transects. A small ribbon was placed approximately 1 m from car-
casses to facilitate relocation. Carcasses consisted of blackbirds, European
Starlings (Sturnis vulgaris), House Sparrows (Passer domesticus), Ring-
necked Pheasants (Phasianus colchicus) and Rock Doves (Columba livia).
Leather gloves and rubber boots were worn to reduce human scent on
and near carcasses. The status of each carcass was checked daily for 5 d.
A carcass was recorded as intact if it was undisturbed and scavenged if it
was eaten or removed. Carcass survival curves were generated by the prod-
uct-limit life table method (Kaplan and Meier 1958) using the LIFETEST
procedure in SAS (SAS Institute, Inc. 1990). To test the null hypothesis
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of no difference in survival rates among habitat types and species of car-
cass, survival curves were compared using a Wilcoxon test modified for
censoring by Breslow (1970). A censored carcass in these analyses was any
carcass still intact at the last check. All hypotheses were evaluated at the
P 5 0.05 level.
In 1997, 7, 4, 2, and 2 transects (148 total carcasses) were placed in
wooded, crop stubble, roadside, and grassland habitats, respectively. The
carcasses consisted of 10 Common Grackles (Quisculus quiscula), 20 Eu-
ropean Starlings, 24 House Sparrows, 33 Red-winged Blackbirds (Agelaius
phoeniceus), 26 Ring-necked Pheasants, and 35 Rock Doves. In 1998, 9, 8,
7, and 7 transects (306 total carcasses) were placed in wooded, crop stub-
ble, roadside, and grassland habitats, respectively. The carcasses consisted
of 39 Common Grackles, 11 European Starlings, 52 House Sparrows, 92
Red-winged Blackbirds, 31 Ring-necked Pheasants, 51 Rock Doves, and
30 Yellow-headed Blackbirds (Xanthocephalus xanthocephalus). All carcass-
es were randomly placed along transects with the stipulation that there
had to be at least two each of blackbird, house sparrow, ring-necked
pheasant, and rock dove carcasses per transect. At any given time, be-
tween-transect distances were at least 0.13 km and were typically greater
than 1 km.
Olympus Infinity Mini DLX cameras (n 5 20) connected to Trailmaster
TM 1500 active infrared game monitoring systems were used to photo-
graph predators and scavengers approaching live, caged birds used to
simulate birds impaired by DRC-1339 and carcasses used to simulate birds
killed by DRC-1339. Camera systems were placed in cropland, grassland,
and wooded habitats. Due to the potential for human disturbance, camera
systems were not placed in roadside habitat. In addition, camera systems
were placed at abandoned farmsteads and wetland edges when possible,
as these are habitats likely to harbor predators and scavengers and where
poisoned birds are likely to be found. Cameras were operational 24 h per
day, except under conditions of heavy rain or snow. Camera systems were
checked daily to determine if there had been any predator or scavenger
activity at the site, to feed and water live birds, and to ensure that camera
systems were functioning properly. Carcasses were monitored for up to 5
d. In 1997 and 1998, respectively, we monitored 156 and 133 blackbird,
European Starling, House Sparrow, Ring-necked Pheasant, and Rock
Dove carcasses. Live birds were monitored for up to 3 d. In 1997 and
1998, respectively, we monitored 24 and 68 live birds (blackbirds, Euro-
pean Starlings, House Sparrows, and Rock Doves). Live birds were held
in small (46 3 46 3 16 cm; mesh size 0.64 cm 3 0.64 cm in 1997 and
1.27 cm 3 1.27 cm in 1998) hardware cloth cages fitted with two small
wind shelters, a perch, and food and water containers.
RESULTS
In 1997, survival rates differed among habitat types (x23 5 62.89, P ,
0.001). We found carcass removal rates were highest in wooded habitats,
with survival time averaging 2.1 d (Table 1). Mean longevity of carcasses
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TABLE 1. Cumulative daily percentages (6 SE) of bird carcasses scavenged by habitat in
1997 and 1998, South Dakota.
Habitat
Cumulative percentage scavenged
Day 1 Day 2 Day 3 Day 4 Day 5
1997
Wooded
Grassland
Roadside
Crop stubble
38 6 6%
10 6 7%
10 6 7%
5 6 4%
71 6 5%
15 6 8%
10 6 7%
18 6 6%
86 6 4%
20 6 9%
15 6 8%
23 6 7%
91 6 4%
30 6 10%
45 6 11%
26 6 7%
93 6 3%
35 6 11%
55 6 11%
41 6 8%
1998
Wooded
Grassland
Roadside
Crop stubble
20 6 4%
30 6 6%
23 6 5%
17 6 4%
47 6 5%
43 6 6%
31 6 6%
32 6 5%
58 6 5%
55 6 6%
50 6 6%
50 6 6%
68 6 5%
61 6 6%
54 6 6%
58 6 6%
78 6 4%
67 6 6%
57 6 6%
66 6 5%
in the other habitat types was slightly more than 4.2 d. Species of carcass
did not affect time to removal (x23 5 1.95, P 5 0.86; Table 2), which
ranged from 2.3 (Common Grackle) to 3.5 (Red-winged Blackbird) d.
In 1998, survival rates did not differ (x23 5 4.33, P 5 0.23) among
habitat types, ranging from 3.1 to 3.4 d (Table 1). Likewise, species of
carcass did not affect (x23 5 8.5, P 5 0.20) carcass longevity (Table 2),
which ranged from 3.0 (Yellow-headed Blackbird) to 4.4 (European Star-
ling) d.
In 1997, predator and scavenger activity was high, with 76% of the
carcasses (n 5 156) monitored with cameras being scavenged. Predators
visited 17 of 24 (71%) live birds. In comparison, only 55% of the carcasses
(n 5 133) were scavenged in 1998, and 44% of the live birds (n 5 68)
were visited by predators.
Across years, 165 mammals and 39 birds were identified on film.
Skunks, raccoons (Procyon lotor), and dogs (Canis domesticus) were the
most common mammals identified, accounting for 51%, 16%, and 8%,
respectively, of the animals photographed (Tables 3, 4). Red-tailed Hawks
(Buteo jamaicensis) were identified 13 times followed by Northern Har-
riers (Circus cyaneus), Great Horned Owls (Bubo virginianus), and Amer-
ican Crows (Corvus brachyrhynchos), each of which was identified six or
fewer times.
DISCUSSION
Carcass disturbance was higher in 1997 than in 1998 in wooded areas.
High scavenging activity in 1997 was most likely related to 40% colder
temperatures and 35% higher precipitation than in 1998 (South Dakota
Cooperative Extension Services 1997, 1998). During adverse weather,
wooded areas can provide protected sites for foraging (Cassel and Wiehe
1980). Our data indicate that the kind of species does not affect carcass
longevity, suggesting that scavengers find carcasses opportunistically.
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TABLE 2. Cumulative daily percentages (6 SE) of specific bird carcasses scavenged in 1997 and 1998, South Dakota.
Species
(number of carcasses)
Cumulative percentage scavenged
Day 1 Day 2 Day 3 Day 4 Day 5
1997
House Sparrow (n 5 24)
Common Grackle (n 5 10)
European Starling (n 5 20)
Ring-necked Pheasant (n 5 26)
Rock Dove (n 5 35)
Red-winged Blackbird (n 5 33)
25 6 9%
30 6 14%
20 6 9%
19 6 7%
20 6 7%
21 6 7%
50 6 10%
40 6 15%
40 6 11%
42 6 10%
43 6 8%
33 6 8%
54 6 10%
50 6 16%
60 6 11%
54 6 10%
49 6 8%
42 6 9%
71 6 9%
50 6 16%
65 6 11%
58 6 10%
60 6 8%
52 6 9%
79 6 8%
50 6 16%
65 6 11%
65 6 9%
71 6 8%
58 6 9%
1998
House Sparrow (n 5 50)
Common Grackle (n 5 38)
European Starling (n 5 11)
Ring-necked Pheasant (n 5 31)
18 6 5%
18 6 6%
0 6 0%
16 6 7%
36 6 7%
47 6 8%
10 6 9%
26 6 8%
48 6 7%
61 6 8%
20 6 13%
48 6 9%
52 6 7%
63 6 8%
30 6 14%
61 6 9%
60 6 7%
68 6 8%
40 6 15%
65 6 9%
Rock Dove (n 5 51)
Red-winged Blackbird (n 5 91)
Yellow-headed Blackbird (n 5 28)
27 6 6%
27 6 5%
21 6 8%
47 6 7%
37 6 5%
46 6 9%
59 6 7%
54 6 7%
61 6 9%
65 6 7%
63 6 7%
71 6 9%
73 6 6%
68 6 5%
82 6 7%
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TABLE 3. Scavengers of bird carcasses in 1997 and 1998, South Dakota.
Scavenger species
Number of individuals
1997 1998 Total
Mammals
Badger (Taxidea taxus)
Cat (Felis sylvestris)
Dog (Canis domesticus)
Raccoon (Procyon lotor)
1
1
0
4
0
3
3
13
1
4
3
17
Striped skunk (Mephitis mephitis)
Thirteen-lined ground squirrel
(Sphermophilus tridecemlineatus)
Total mammals
58
1
65
25
0
44
83
1
109
Birds
Sharp-shinned Hawk (Accipiter striatus)
Northern Harrier (Circus cyaneus)
Red-tailed Hawk (Buteo jamaicensis)
American Crow (Corvus brachyrhynchos)
0
2
2
7
1
4
4
0
1
6
6
7
Total Birds
Unknown scavenger
No scavenger
11
47
37
9
24
60
20
71
97
TABLE 4. Potential predators of live birds in 1997 and 1998, South Dakota.
Predator species
Number of individuals
1997 1998 Total
Mammals
Cat (Felis sylvestris)
Dog (Canis domesticus)
Mink (Mustela vison)
Raccoon (Procyon lotor)
Striped skunk (Mephitis mephitis)
Total mammals
0
2
0
6
11
19
3
12
1
10
11
37
3
14
1
16
22
56
Birds
Cooper’s Hawk (Accipiter cooperii)
Northern Harrier (Circus cyaneus)
Red-tailed Hawk (Buteo jamaicensis)
Long-eared Owl (Asio otus)
Great Horned Owl (Bubo virginianus)
Total birds
No predator
1
0
0
1
1
3
9
3
1
7
0
5
16
38
4
1
7
1
6
19
47
Scavenging rates in our study are comparable to other reported data
(Humberg et al. 1983; Stutzenbaker et al. 1986; Tobin and Dolbeer 1990;
Linz et al. 1998). But scavenging rates can be expected to vary locally
(Rosene and Lay 1963; Stutzenbaker et al. 1986; Tobin and Dolbeer 1990;
Linz et al. 1991, 1998). In general, 10–50% of carcasses are reported as
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scavenged after 1 d. Researchers have considered such scavenging rates
to be high.
Carcass survival rates have inherent unavoidable biases (Linz et al.
1998). For example, scavengers could have followed human trails to car-
casses, and the ribbon used to mark the location of carcasses may have
attracted curious scavengers. Alternately, trap-shy scavengers may have
avoided carcasses or areas tainted with human scent. Ultimately, attraction
to or avoidance of carcasses or areas tainted with human scent is probably
dependent on the species of scavenger.
Mammals were by far the most commonly photographed predators and
scavengers in our study. Mammals are known to be tolerant (i.e., LD50
values typically greater than 100 mg/kg) of DRC-1339 (United States De-
partment of Agriculture 1994); therefore, secondary hazards to mammals
are probably low, despite high levels of activity at carcasses and live birds.
In general, secondary hazards to avian predators and scavengers are also
low. Only a small number (n 5 39) of avian predators and scavengers
were photographed. In addition, most avian predators and scavengers are
tolerant (i.e., LD50 values typically greater than 100 mg/kg) of DRC-1339
( Johnston et al. 1999).
Even so, a few animals may be at risk. Cats (Felis sylvestris) and owls
may be prone to acute poisoning by DRC-1339 (Felsenstein et al. 1974;
Cunningham et al. 1979). Barn Owls (Tyto alba) have a LD50 value of 4.2
mg/kg (Cunningham et al. 1979; Schafer et al. 1983; Knittle 1989). Little
is known about the toxicity of DRC-1339 to strigid owls. The American
Crow is sensitive to DRC-1339 (USDA 1994). To date, the only docu-
mented case of secondary poisoning by DRC-1339 has been in American
Crows (Kreps 1974). However, most sensitive species would have to feed
primarily on DRC-1339-poisoned birds for greater than 30 d or eat 2–3
times their body weight in DRC-1339 poisoned birds at a single feeding
to experience acute or chronic poisoning (Cunningham et al. 1979).
Scavenger activity in east-central South Dakota during March and April
1997 and 1998 was high. Thus, it is critical that searches for animals be
conducted within 24 h of the pesticide application. We recommend the
use of trained dogs as a means to increase the efficiency of recovering
poisoned birds in situations where nontarget and target mortality associ-
ated with pesticide use needs to be assessed (Homan et al. 2001). Since
carcass survival differed among habitat types and years, it is necessary to
assess scavenger activity by habitat type and on a yearly basis to ensure
accurate indices of scavenging pressure.
Our data, combined with residue analyses in controlled studies, indi-
cate that secondary hazards associated with the use of DRC-1339-avicide
are minimal. That is, the majority of animals photographed at carcasses
and at cages of live birds were tolerant of DRC-1339. Future research
should focus on the chronic poisoning of strigid owls, a potentially sen-
sitive group of species (Cunningham et al. 1979). In particular, attention
should be given to nestlings of species such as the Great Horned Owl
that are present during the DRC-1339 baiting period.
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